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FOREWORD

This report contains the research effort on large—amplitude multimode
response of clamped rectangular panels to acoustic excitation during the
period from October 1, 1980 to September 30, 1981. The work was performed
at the Department of Mechanical Engineering and Mechanics, 0ld Dominion
University, Norfolk, Virginia. The research was sponsored by the Air Force
Office of Scientific Research (AFSC), Department of the Air Force, under
Grant AFOSR-80-0107. The work was monitored under the supervision of Howard
F. Wolfe, Technical Manager, Acoustics and Sonic Fatique Group, Air Force
Wright Aeronautical Laboratories, and Dr. Alan H. Rosenstein, AFOSR/NE,
Program Manager, Directorate of Aerospace Sciences, AFSC. The author grate—,
fully acknowledges the encouragement and assistance from Mr. Howard F. Wolfe

and Dr. Donald B. Paul of AFWAL.
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LARGE AMPLITUDE MULTIMODE RESPONSE OF CLAMPED
RECTANGULAR PANELS TO ACOUSTIC EXCITATION

By

- Chuh Mei

INTRODUCTION

Acoustically induced fatigue failures in structural components have
resulted in unacceptable maintenance and inspection burdens associated with
‘aircraft and missile operation. In some cases, sonic fatigue failures have
resulted in major structural redesigns and aircraft modifications. Thus,
accurate prediction methods are needed to determine the fatigue life of

structures.

Many analytical and experimental programs to develop sonic fatigue
design criteria, however, have repeatedly shown a poor comparison between »
measured and calculated maximum RMS stress/strain (refs. 1, 2). Deviations
in excess of 100 percent are not uncommon. Large deflection nonlinearity
has been identified as a major factor for the enormous discrepancy between
test data and computed results (ref. 3). A test program was conducted re-
cently to check the analytical effort for the large—amplitude, single-mode
response reported in reference 3. The acoustic response tests were perform—
ed in the Wideband Acoustic Facility at Wright-Patterson Air Force Base. A
comparison of the results from two panels is shown in figure 1. The predic-
tion of random responses is much improved with the single-mode computational
method, especially at high excitation levels. Test results (fig. 2) also

| showed that there are more than one mode responding. Multiple modes were
also observed by White in experimental studies on aluminum and carbon fiber-
reinforced plastics (CFRP) plates under acoustic loadings (ref. 4). White
also showed that the fundamental mode responded significantly and contribut-
ed more than 80 percent of the total mean—square strain response; higher
modes, up to third or fourth modes, account for 95% or more of the total
mean-square strain response. In order to have an accurate prediction of the
random response of a structure, multiple modes should be used in the

| formulation.
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a,b

w

Q
Subscripts
EL

L

NOMENCLATURE

panel length and width
generalized damping

flexural rigidity

Young's modulus

displacement functions, eq. (21)
airy stress function

panel thickness

generalized stiffness
mathematicalloperator, eq. (1)
generalized mass

pressure

normallccoordinate
length-to-width ratio, a/b
cross-spectral densify of p(t)
time

lateral deflection
generalized displacement
coordinates

vector funétion, eq. (16)
damping ratio, c¢/cq

normal mode

linear frequency

equivalent linear or nonlinear frequency

equivalent linear

linear




A

MATHEMATICAL FORMULATION AND SOLUTION PROCEDURE

The governing equations of a rectangular, isotropic plate undergoing
large-deflection motions, neglecting the effects of both inplane and

rotatory inertia forces, are (refs. 5, 6)

L(w,F) = DWw + phw, .+ gV,

t
- h(F, w, +F, w, =2F, w, )
yy XX XX yy Xy Xy
-p(t) =0 (1)
WF = EMW2, -w, w, ) ' (2)
xy xx yy

where a comma denotes the partial differentiation with respect to the
corresponding variable, w 1is the lateral deflection, F is the stress
function, D 1is the flexural rigidity, ¢ 'is the mass density, vh'bis the
plate thickness, p 1is the pressure, E i; the Young's modulus, and g is

the viscous damping.

The lateral deflection is assumed as

w(x,y,t) = h ] ) Wm(t) fm(x) gn(y) m,n = 1,2,3,...
’ man

(3

where the functions £;(x) and gup(y) are so chosen that they satisfy
the boundary conditions. By solving the compatibility equation, equation

(2), the stress function can then be determined as

2 2
= y 5 X 2
F N; 7+ Ny — +Eh % % Fij N (%) Mj(y)

i,j=0,1,2,... | (4)




A quasi-exact solution has been obtained by Paul for thermal postbuckling of

a clamped, rectangular plate. The expressions for the coefficients N,
X

N, and F_  can be found in reference 7. !
y 1]
Apply the Bubnov-Galerkin method to the equation of motion in deflec-

tion, equatiomn (1), as
J[ L(u,F) fr 8 dxdy = 0 r,s = 1,2,3... (5)
After performing the integration over the total area of the panel; a set of

nonlinear, time-differential equations is obtained and can be written in

matrix form as

IR} + [C] (6} + [Kly (W} + (BN} = {p(e)} 6)

where the matrices [M], [C], and [Kl], are the generalized mass, damp-
ing, and linear stiffness matrices, respectively, and {B(W)} is a vector

function, cubic in the generalized displacements {W}.

An equivalent linear set of equations to equation (6) may be defined as

(refs. 8-13):

M1 G+ Lol (0 + ([KI + [K]_) (W} = {p(©)} (7a)
or ' -
M] (W} + [c] (W} + [K] (W} = {p(&)} (7b)

where the elements of the equivaient linear stiffness matrix [K]EL can be

obtained from the expression

3B (W)
(k) =8 |—L—| i,3=1,23,... (8)
ij

oW,
i

where E[ ] is an expected value operator.




To determine the mean-square generalized displacements W2 in equation
. . . .. ' ] .
(7), an iterative solution procedure is introduced. The undamped linear
equation of equation (7a) is solved first. This requires the determination

of the eigenvalues and eigenvectors of the undamped linear equation

2 = -
w? [M] {¢}J. [K]L {¢}j 9)

where wj is the frequency of vibration and {¢}j is the corresponding

normal mode shape based on linear theory.
Apply a coordinate transformation, from the generalized displacements

to the normal coordinates, by

{w = [¢] {q} n<m (10)
mX1l .mXn nx1 ‘

in which each column of [¢] is a modal column of the linear system, and
{q} represents the normal coordinates. Substituting equation (10) into the
damped linear equation of equation (7a) and premultiplying by the transpose

of [¢], it becomes

B (o + Fe] tat + [&], (o} = (p(e)} ' 11

where [M] = 1417 1] [4]
f], = (01" k1, (8] = [w?2] [u]
[c] = 1617 tc] o1 = 2[kw] []
e} = (61" {p} 12

The jth row of equation (11) is

P,

Q.+ L. 0. q.+ wlq, =D (13)
4 " %595 9; [ |
‘ ]

The mean-square normal coordinate is simply




T
mS () mled, [S ()] {8},

q? = —2L = (14)
J4 Mz, ol 4 M2 ¢, Wl
J 1 1 J ] 3

where [Sp] is the cross-spectral density matrix of the excitation {p(t)}.

The covariance matrix of the linear, generalized displacements is

nloh IS ()] {6},

—_— T
Vw1, = L {o}, {o}, (15)

2 3
k 4 MK ;k we

The diagonal terms [W'in]L are the mean-square, linear, generalized dis-

placement W%. This initial estimate of W? ‘can now be used to compute

the equivalegt linear stiffness matrix [K]J through equation (8). Then

EL
equation (7) is again transformed to the normal coordinates and has the form

as
] ta} + [c] €@} + [k] (@} = tp()} | (16)

where [K] = [o1" (IR + K1) (61 = [2] [u] (17

The jth row of equation (17) is
a : 2 .3
+ 2z. w,q, +8 = —= 18
q+ 2, 0,4 q M, (18)

and the displacement covariance matrix is given by

LONIENCRI O M
tohy (19)

[win] =7 {6},

k b2 g 92 g




Convergence is considered achieved whenever the difference of the RMS

generalized displacements satisfies the requirement

(RMS W.), =~ (RMS W,).
J iter j’iter-1 | ¢ 19-3, for all j (20)

(RMS wj)iter

Once the RMS displacements are determined, the RMS deflection of the panel
and the maximum RMS strain can be determined from equation (3) and the

strain-displacement relations, respectively.




DEVELOPMENT OF GENERALTZED MATRICES
AND COMPUTER PROGRAMS

The deflection of the panel is représented by

(m - 1)mx _ cos (m + 1)mx

w(x,y,t) = h z z Wﬁn(t) cos 3 P
mn

e loos (B = DITY _ oo _(_f%})_’l (21)

b

The expression w satisfies the boundary condition for clamped edges:

0 and a
0 and b (22)

w=w, =0 onzx
X

£
[]

w,y =0 ony

The stress function can be expressed in terms of the generalized dis-

placement W,, as

2
=N I-
F=N 5+

k<Z

x° 2 imx iy
5 + Eh g § Fij cos =—= cos =4 » (23)

where the coefficient Fij is given by the expression

1 :

F,,. = ———— B, . W W 24

ij (12 4 12 >2 E E\E % ijmnkl "mn k1l (24)
r 7x

in which Bijmnkl

and the integers Bijmnkl are given explicitly in reference 7. The partic-

are integers and r = a/b. The coefficients ﬁ; and ﬁ;,

ular generalized displacements that are chosen to be nonzero in the conver-

gence studies are shown in table 1.

10




Table 1. Generalized displacements for convergence studies.

Number of terms

Generalized
Displacements 1 4 6 10 15
W), X X X X X
Wi3 X X X X
W31 X X X X
W33 X X X X
w15 X X X
W51 X X X
W3s X. X
W53 X X
Wy, X X
W71 X X
- W55 X
W37 X
W7‘3 X
W19 . X
W, X

91




Utilizing the expressions for w and F, equations (21) and (23),

respectively, and performing the integration of equation (5), the integral

~associated with the inertial force term in equation (1) has been derived as

/
2 o .

b ra ph©ab )
£ £ phw’tt fr & dxdy = wr 2,5~2 -2 wr—2,s -2 wr,s-2

* 4 wr,s -2 wr,s+2 -2 wr+2,s

* wr--2,s+2 * wr+2,s-2 * wr+2,s+2‘) (25)

The géneralized mass matrix [M] in equation (6) using 15 terms in the

deflection function is given by:

i

Wiy W3 Wiy Wy3 Wyg Wgy Wyg Wgy Wip Wy Wgg Wiy Wog Wig Woy

- -4 -
-2 4 |
-2 1 4 | symmetric
1 -2 -2 4
0 -2 0
0 0 -2 1 4
0 1 0 -2 -2 4
e 0 0 1 =2 0 -2 1 4
M=__,_-—]0 0 0 0 -2 0 1
0o 0 0 0 0 -2 0
0o 0 0 1 0 0 -2 -2 0 4
0 0 0 0 1 0 -2 0 =2 1 4
0 0 0 0 o0 1 -2 0 -2 1 0
0 0 0 0 0 0 0 -2 0 0 1 0
Lo o 0 0 0 0 0 0 0 -2 0 0 1 4 |

(26)

12




A subroutine program MASS, which generates the mass matrix, has been coded

and verified. A listing of the MASS subroutine is given in the Appendix.

Similarly, the integrals associated with the linear stiffness terms in

1

equation (1) yield

]

s {IG - DY+ o+ P[0 * DW= W o p = W oy

# (r - D¥ [W - (e + L, N}

r-2,5-2 ¥ Wro2 g+2 2,8

D Ty ey Ve e T (O D Wy SIY @7
fb fa D _L*_ f g, dxdy - Dhm*ab
o o 3y 4b“»

{[(s - D% + (s + L] [(C2 + VW g~ Wpop g - wr+2’s]

+ (s - DY [wr—2,s-2 + Wr+2,s-2 - (C2 + l)wr,s-z]}

+ (s + Y [(Wesg,s42 + Wrap, g4z = (C2 + 1) Wr,s+2]} (28)
fb * » Mw £ g dxdy = Dhm* ab
o o a2 3y? ros ab®

’ {(r - D2 G+ ? [wr,s B W1',s+2 - wr+2,s ¥ wr+2,s+2

+ (- 1)2 (s + 1)2 [wr,s B wr,s+2 - wr-2,s * Wr—2,5+2

* (r + 1)2 (s - 1)2 [wr,s‘- wr,s-z - W1:+2,s * »Wr+2,s--2:|

+ (r - 1)2 (s - 1)? [wr’s =W - AP wr—2,s-2]} (29)

13




The generalized linear stiffness matrix [K]ly, ip equation (6) using 15
terms in the deflection function has been derived. It can be expressed as
the sum of the three submatrices as

Dhm*ab (1 1
(- Kl o+ — K+

4 \a* b ab?

(]

L u<13> (30)

The nonzero elements of the three linear stiffness submatrices are given.

Since the stiffness matrix is also symmetric, only the lower left~hand side

elements are given. They are

W11 W3 W3y W33 - Wis
2+ (C1+1) |
VA 24 (Cy+1)
-4 (C1+1) 2 (2% 44%)(C1+1)
24 =24 (Cy41) ~(2%+44) (2%+44)(Cy+1)
0 -2t 0 ' A 2+ (C1+1)
k], = 0 0 . =44 (Cy+1) A 0
0 24 0 -(2"+4‘*)' -2+ (C1+1)
0 0 44 =44(C,+1) .0
0 0 0 -24
|0 0 0 0
Ws W35 W3 W7 Wy -
(4* +6*) (C, +1)
0 (24 +4*)(C1+1) symmetric
~(4 +64) 4 - (4% +6%) (C;+1)
0 24 0 24(C1+1)
-6*(C, +1) 0 64 0 (64+84) (Cy+1)
(31)

14




LB

L
2 (C2+1)

-2* (Ca+1)
=24

2'+

o O O o o o

W3

(M +4")(C2+1)

zlf
-(24+4%)
-4+ (C,+1)

0

4'+

(4% +6% ) (C241)
4
6‘+
0

24 (C,+1)
-2 (c1+1)
0
—ot
0
o

(24 +4%) (Cp+1)
0
ad

(24+4%) (C2+1)
44
o4
-4“(Cz+l)
- (21++4'+)
0
0 .

symmetric

(6% +84) (C1+1)
) 0

(44 +6%) (Cp4l1)

0
(44 +64)
0
~ a4
6*(C,+1)
0

2“(cl+1ﬁ

(32)

15




W W3 W3y W33
(202)2
—(202)2  (2+4)2+4(2+2)2 symmetric
=(2-2)? (2¢ 2)? (40 2)2 +(2¢ 2)? (4 4)?
(202)2 —(244)27(202)2 ~(422)2-(202)2 +2(4+2)2+(22)2
0 -(2+4)2 0 (2+4)2
Kl3 = 0 0 =(4+2)2 (4+2)2
0 (2 4)? 0 ~(44)2-(2+4)2
0 0 (4+2)2 ~(494)2-(4+2)2
0 0 0 0
| o 0 0 0
W5y W3s Ws3 Wi7

(6 2)2+(4+2)2

(4+6)2+(2+6)2
0 +(4e4)2+(2+4)2
. (6+4)2+(424)2
~(6°2)2-(492)2 (4o t)2 +(62)2+(4+2)2
0 (2¢ 6)2 0 (2+8)2+(2+6)2
-(6+2)2 0 (62)2 0

(20 6)2 +(204)2
0
-(2+6)2 (27 4)2
0
=(2:6)2
0

(8-2)2+(6-2){
(33)

The nonzero elements of the linear stiffness matrix, k;(i,j) for i,j > 11,

are
ky (11,4) = k; (12,11) = 4*
K (12,5) = k, (14,12) = 2%
ky (13,6) = k; (13,11) = 6*
Kk (11,7) = -4*(C; + 1)
ky(12,7) = =(2% + 4%)
k; (11,8) = -(4* + 6%)

- (34) v
(cont 'd)

16




k, (13,8)
k,(12,9)
k; (14,9)
k, (13,10)
k; (15,10)
ky (11,11)
k) (12,12)
k; (13,13)
k, (15,13)
k, (14,14)
k; (15,15)
Kk, (11,4)
k, (12,5)
k, (13,6)
k, (11,7)
k, (12,7)
k, (11,8)
k, (13,8)
k, (12,9)
k, (14,9)
k, (13,10)
k, (15,10)
k, (11,11)
ky (12,12)
k, (14,12)
ky (13,13)
k, (14,14)
k, (15,15)
ky (11,4)
kg (12,5)
ky (11,7)
ky(12,7)
kg (12,9)
ky (14,9)
kg (11,11)
kg (12,11)

-6* (¢, + 1)

= -2 (¢, +1)
= =4

= -(6% + 8%)

= -8* (¢, + 1)

(4% +6*)(c; + 1)
(2% + 4*)(c) + 1)
(6% + 8*)(c; + 1)
g4

(¢, +1)

(8* + 10*)(c; + 1)
=k, (13,11) = 4*
= k,(12,11) = 6*
k, (15,13) = 2¢

-(4* + 6%)

= -64(C, + 1)
= -4 (C, + 1)

= (2% + 44)
= (6% + 8%)
= -8*(C, + 1)

-2 (c, + 1)

—olt

(4 + 6)(C, + 1)
(6% +8*)(C, + 1)
gt

(2% + 4*)(c, + 1)
(8% + 10%)(c, + 1)
2¢(C, + 1)
(40 4)2
= k;(13,6)
= k3 (11,8) = —(424)2 - (4+6)2
k3(13,8) = -(2:6)2 = (4.6)2
kg (13,10) = —(2:6)2 - (2¢8)2
= k;(15,10) = —(2-8)2
= (626)2 + 2(64)2 + (424)2
=k, (13,11) = (4+6)2

(26)2

(34)
(cont'd)

17




k3(12,12) = k3(13,13) = (4+8)2 + (2+8)2 + (46)2 + (2+6)2 (34)

(concl'd)
k3 (14,14) = k3 (15,15) = (2:8)2 + (2.10)2 ©
where
c. = 2 for s = 1
1 1 for s # 1
2 forr =1
G = 1 {for r#¥1 (35)

A subroutine program LSTF which generates the linear stiffness matrix has
been coded and verified. A listing of the LSTF subroutine is presented in

the Appendix.

Derivation of the generalized equivalent linear stiffness matrix [K]EL

in equation (7a) has been initiated. It is in good progress. Continuing

research effort will be devoted to the following tasks:
(1) Completion of ﬁhe derivation of eéuivalent linear stiffness;
(2) Application of eigen solution and coordinate transformation;
(3) Determination of mean—-square linear generalized displacement;
(4) Implementation‘of the iterative process;
(5) Derivation of strains computation;
(6) Coding, debugéing, and verifying the complete computer program;
(7) Convergence studies; and

(8) Generation of design charts.?
0

18




10.

11.

12.

13.

REFERENCES

Holehouse, I., "Sonic Fatigue Design Techniques for Advanced Composite
Aircraft Structures," AFWAL-TR-80-3019, Flight Dynamics Laboratory, AF
Wright Aeronautical Laboratories, W-PAFB, OH, Apr. 1980.

Mei, C., "Large Amplitude Response of Complex Structures Due to High
Intensity Noise," AFFDL-TR-79-3028, AF Flight Dynamics Laboratory, W-
PAFB, OH, Apr. 1979.

Mei, C., "Response of Nonlinear Structural Panels Subjected to High
Intensity Noise,'" AFWAL-TR-80-3018, Flight Dynamics Laboratory, AF
Wright Aeronautics Laboratories, W-PAFB, OH, Mar. 1980.

White, R.G., "Comparison of the Statistical Properties of the Aluminium
Alloy. and CFRP Plates to Acoustic Excitation," J. Composites, Oct.
1978, pp. 251-258.

Chu, H.N. and Herrmann, G., "Influence of Large Amplitudes on Free
Flexural Vibrations of Rectangular Elastic Plates," J. Appl. Mech.,
Vol. 23, Dec. 1956, pp. 532-540.

Volmir, A.S., "Flexible Plates and Shells," AFFDL-TR-66-126, AF Flight
Dynamics Laboratory, W-PAFB, OH, Apr. 1967.

Paul, D.B., "Large Deflections of Clamped Rectangular Plates with Arbi-
trary Temperature Distributions," AFWAL-TR-81-3003, Flight Dynamics
Laboratory, AF Wright Aeronautical Laboratories, W-PAFB, OH, Feb.

1981. A

Spanos, P-T.D. and Iwan, W.D., "On the Existence and Uniqueness of
Solutions Generated by Equivalent Linearization. Int. J. Nonlinear
Mech., Vol. 13, 1978, pp. 71-78.

Atalik, T.S. and Utku, S., "Stochastic Linearization of Multi-Degree-
of-Freedom Nonlinear Systems.'" Earthquake Eng. Struct. Dynamics, Vol.
4, 1976, pp. 411-420.

Iwan, W.D., "A Generalization of the Method of Equivalent Lineariza-
tion," Int. J. Nonlinear Mech., Vol. 8, 1973, pp. 279-287.

Iwan, W.D. and Yang, I.M., "Application of Statistical Linearization

Techniques to Nonlinear Multi-Degree-of-Freedom Systems," J. Appl.
Mech., Vol. 39, June 1972, pp. 545-550.

- Foster, E.T., Jr., "Semilinear Random Vibrations in Discrete Systems,"

J. Appl. Mech., Vol. 35, Nov. 1963, pp. 1706-1711.

Caughey, T.K., "Equivalent Linearization Techniques," J. Acoustical
Soc. Am., Vol, 35, Nov. 1963, pp. 1706-1711.

19




APPENDIX

LISTINGS OF THE MASS AND LSTF SUBROUTINES

20




[OEHEFUTT4 T TGN

| 'MASS  LN4BG@,FOR . FORTRAN V,5(515) /KI  29=JUNest 14138 PAGE 1

P ST IT:3 a— SUBROTTINE NASS (A, 5Ly Hy RHO; SH; WTERMY
"‘5J¢FDZ R DIHENSION SM(NTERM,NIERM) B _
L3 ﬁaemBW,;C“" i 3 e L
‘41 o368 - C - THIS SUBROUTINE GENERATFQ THE SYSTTM MASS MATRIX OF THE PANEﬂ—U SING
,}s.aoaos C (NTERM) TERMS IN THE DEFLECTION FUNCTION , _
‘6 56826 C ALIPANEL LENGTH.
x)»r]f‘"f. R BLEPRNEL WITTAH »
-'a;agansafjc; H=PAREL THICKNESS N
aaﬁ¢9',w6“;hﬂo-ﬁsub DENSTTY o S .
; ~c@w1 C Sh(HTERM, NTERNY=SYSTREN Dﬁ“CEUEFlEIZ*ﬁ“HAaa MATRIX, -
t’“!)il C l‘TERM 1' 4, 6. 1‘3, OR 15
G812 C
—;reut3 COEF=g 25 #RHC#HR Hu ALSBL
PREPP 111 3 R o) INITIHLIZEB THE MASS MATRIX
aaawISQ S L D018 IR1,NTERM. e
i1 pd@1o DG 16 J=1,8TERM
:hlﬂvaul7 SM(I,J)=0,2
1308918 14 CONTINUE
15 9BaLY TSP (T TY=2 G%COER ' :
i jpo 00020 (T (NTERM za.frr Go 10 2
21199271
EETTY ) - ELIS P 2)'-2.Q¢COEF,“
¢ [} 0R023 , §M(1,3)==2,0#COEF
20 ONO2 4 . S¥(1,4)=COEF o
G&aﬁmzsfqw.aww>;§“T27ZT§‘?9‘CUE?-“'
26! 30926 - §4(2,3)=COEF -
j27i i&ﬂﬁ?? C2E
i28/ 9028 « sﬂcanaJ-4.e*c0Er
{ 2ol g0 29 " 8M(3,4)==2.q%CORF
3ol pu@ 3¢ SM(4,4)24,3%COEF
ETRTETE X S T IF (OTERM JEQ.4Y G
;",3,_ $6932 S e SRR Y
23 9@ 33 sH(293)==2,0%CORF
pggousq‘ : SH{I 6 == TCOEF
-:5’ 3U€138 SM(C4,5)=COEF
el 72236 ' s*(4,6)=COEF
57 ¥ MESTS IS p*CoEr T
s 30 §M(6586)=4 ,a#COEF
39,,993@37; F_:,,_}f.(N’I'ERMv +EQ,.76) GO
o ' RSl il A0
al pRB 41 . SM(2,7)=COEF
2 D004 . §M(3,8)=COEF
a3 T TS TIES Y eFCOER
¥ (4, B)=wl ,A%COFF
 SM(5,7)3=2 ,0#COEF. .
SH{5,97==7 .7 #CO%F
. §"(6e8)=my F#COEF
SH(6,10)==2 B%COEF
e — i a GuCOEP
. lsol BBGST "?sﬂtv.ai-cozr
RETCE 1 -SH LT 9Y=SCOEF -
=ﬂﬂﬂ65? utﬁ*ﬁT'ﬁ”ﬁ*Cour
s:s! w653 SM(8,19)=COEF
" isal BODS4 ) SM(9,9)34 ,0%COEF
55T @AD I M CIR ITYE4 S o*COEF
"\ |sei 38836 IF ¢NTERM: EQ, 19Y.6

21




LN4RGA,FOR FORTRAN V.5¢515) /KI 29eJUNa81 14138 PAGE 1

ATPEEST ¢

lzipv058 - SM(4,11)=COEF

;i 98e59. . . §M(5,12)=COEF -
PHPRLLY 57 (6, T3J=CUEF =
ERET L] L SM(7,11)=e2, A#COER

e 08262 © 8M(7,12)3«2,0%COEF

EAR LY S“tﬂ“irT;-itvicozw

:Ie ﬁﬂ@ﬁ@- ‘SMf3t13)=‘2t9*CGEF'ﬂf'* “'
lo,B6S . 5M(9412)3e2,0%COEF . '
B YR e Ty TEMTS, TR S R CHER _
v itiodwed 'SH(19,13) 202 ,0%COEF
T gaand SM(1v 1R )med , J2r0CF
G BPERY TEF (T 11)S3 E*COEF o -
o a0 gM11,12)=COEF
as 9@gTlo 0 SM(11,13)=CoREF
. iss; o712 STUT2+ 12754 ,3%COEF
o 2673 §%(12,14)=COEF
139%@74 - SM(13,13)=4,0%COEF
“EWETS“*"———""fsﬁ(II‘ISI=COEF"“ —
('2m“ﬁ@7b L BM(14914)34,0%COEF o
21 W8 TT .,s”(li:lﬁ)-4 I*COEF. .
;Aaua7a 3. CUNTINUE § :
il 99079 ' DO 39 J=1,NTERM

. 240 Jd368y ‘ Do 34 I= JtNTERM .
'»CONTINvE B

z,-u&aal-;.  RETURN .
: | 0DOES ENT;
ot 120

131, TS LAl

|Jd|

sz SCALARS AND ARRAYS [ negn NO ’XPLICIT DEFINITION e N%" NOT RFF‘ERENCED ]

‘6

_TNTERT"_T——" iCO[’F'_"" T TR M , 5
e wd S eSABE3 T ,84%02 14 T WSegse 12
1o WRHO g 1 oo ®AL 44 o Jdewe2 15 oWk 1T

—Tien I T ROl T M
ol
“ugrzmpoaAplzs

;us‘ —

<4 ,Aﬂﬁzu 21

R R R e

: uﬁ e i S DETECTED SEVELIY




LSTF  .LN785X.FOR FORTRAN V,5(515) /KI 29«JUL~81 °© 14383  PAGE I

THIS SUBFOUTINE GENERATES THE SYSTEM LINEAR STIFFNESS MATRIX
USING (NTEPN) TERMS IN THE DEFLECTION FUNCTION FOR THE PANEL

Sa
-]
€
> B i
N
an

v-r(,lboC"'b [‘ATIQ
SK(NTERM,NTERM)=SYSTEM OR GENERALIZED STIFFNESS MATRIX
)T 1 44 (oW 1-‘1 QA 1';

&b
&
o
-
>l f
=¥z X2}

. Q0 . ~ Y
N s ;]w @ N|o o alw v \
R o

e P Ped AP e T i a kN
¢ 38516 . A4=1,9/(AL#AL#AL#AL)
JO017 H4=1,8/(BL#BL¥BL#*RL)
aazxa AB2= 4-0/(AL*AL*RL*HL)_

VB[S S B[Rl ﬁ]gia : a':

[ 2]

OFFICE ELECIXOR LS INC. |

2PY28 - SK(I,J)=3,0
30u29 1¢ CONTINUE
30 yes 343 K 11_)"
AMyaey g
32 533 _ :
3301y g ; A
439034 SK(1, 3)--((LC1+1.v)'A4+H4+A52)*COEF
3% 326135 SK(1,4)=(7A4+84+7B2) *COEF o
8139w 36 SK(2,2)=2017.7%(CCo+1,01%B4+(C1+1,0)*A4+5,0A%ARD)4COEF
= > L —ule e el e

W
-]

wlaonan  SK(3,4)==((C241, 0)*64+17.B*A4+5 A#AB2 ) *COEF

M a9g4al - SK(4,4)=(17, 0*(c1+1.0)*A4+17.m*(c2+1 0)#B4+25 ,8%AB2) #COEF
42| ;
uf
4S8} oy Po = % o I 25 5P % 0 8 = % 3 3 3 . : 3
W zod46 - SK(4,5)=(A4+16.2%B4+4,2%AB2)#COEF
V20047 SK(4.6) (16, a*A4*e4+4 a*Aazl*COEF
48. . 5,5)=(¢C c

2 gao , SK(2,7)=CA4+16,0%84+4,0%AB2)#COEF
| G0 ‘ sxt3.9)=(1e @rhs+nded, ﬁ*ABZ]*COEF
. Y 6




OFFICE EALCTAOHL 5 INC.

LN785X ,FOR

FORTRAN V,5(515) /KI

29=JUp =81

14283 .

PAGE !

E%{'QST%
(TooasT

SK(Ts7)2(17.0%(C14]02)¥A2497, u*(cz+1'g)*s4+os 2#AB2) #COEF
'SK(7.8)-16.0*(A4+a4+AB2)»COEF

Sh{1csl0)=(337, o*(CC1+1.v)*A4+(C2#1.ﬂJ*B4+25.n*ABZ)*COEF

aﬂ@69 ‘

SK(7s11)2a(16.84(C1+1,3)%24+97,
SK(?,12]--(17.@§A4+81.ﬁ*(C2+1 A)¥BA+45 4% AB2 ) #COEF

| jwuato

a‘faa@a7 IF(NTERM _EQ, 1) GO TO 20
IZ: Y] an
13

91 ﬁ*AA#l&-

*(C7+1

P¥R44523%AB2) *COEF

SK(10,13)==(337 0824+ (C2+1.0)#B4+25 ,0#AB2) #COEF
sx(xe.15)=-(2sa a~cCC1+1.a)*A4+Ba+15 G*AB2)#COEF

28 on384

33 ahagg

9)*Ra+59.ﬂ&AB;1*COEF

34 330949
N 1»@91

po 34 J=1,8TERM
DC 30 I=d;NTERM
b_“_LI:Jl-QK(J I)‘

SK(12¢14)=(A4+256 ,0*B4+16,9%AR2)#COEF . '
29 536085 : SK(ISo13)=(337.a*(C1+1.u)*A4+17 O#(C2+1,0)#B4+125,0%AB2) #COEF
33;ﬁﬁhu;_________;i_LLlLlsls(84+?na G*A4+1s B*ABZ)*COEF
M gussT ' 35 od vevey JEY R
2 guad

26 “{ Q?

¥A%

‘:SCALARS AND ARRAYS [ "aw NO EXPLICIT DEFINITION = "%" NOT REFERENCED ]

«10n01 26~

1

27

« 10699 3¢

*Cy

31




